Abstract. Pb 0.97 La 0.02 (Zr 0.95 Ti 0.05 )O 3 antiferroelectric thick films were prepared on platinized silicon substrates by sol-gel methods. Films showed polycrystalline perovskite structure with a strong (100) preferred orientation. The antiferroelectric nature of the films was confirmed by the double hysteresis behaviors versus applied field. The temperature dependence of dielectric constant and loss displayed the Curie temperature was 225 o C.The current caused by the polarization and depolarization of polar was detected at coupling application of electric field and temperature. The phase transition characterization could be effectively adjusted by electric field and temperature.
Introduction
Antiferroelectric materials have the potential usage in energy storage, high-strain transducers/actuators and tunable pyroelectric thermal sensors due to phase transformation characterization from antiferroelectric to ferroelectric (AFE-FE) adjusted by the change of temperature, electric-field and hydrostatic pressure. Compared to antiferroelectric ceramic bulk and thin films, antiferroelectric thick films are easier to be promoted in practical applications attribute to a smaller driven-field, high compressive strength and small size.
With the development of the fabrication technology, Lanthanum(La)-doped lead zirconate titanate ((Pb, La) (Zr, Ti)O 3 ) antiferroelectric thick films have attracted much attention and shown great potential for microelectromechanical systems (MEMS) [1] . The addition of La 3+ cation donor dopants is an effective way in reducing the leakage current and improving the fatigue behavior of PZT films owing to the role in diluting oxygen vacancy concentration [2, 3] . Many methods, such as sol-gel process (Sol-Gel) [4] , pulsed laser deposition (PLD) [5] and magnetron sputtering [6] have been used to fabricate (Pb, La) (Zr, Ti)O 3 antiferroelectric thick films. The sol-gel technique is one of the most promising methods for the advantages to realize high purity films and control composition easily [7] . In this paper, Pb 0.97 La 0.02 Zr 0.95 Ti 0.05 O 3 antiferroelectric thick films were derived by sol-gel processing on Pt(111)/Ti/SiO 2 /Si(100) substrates. Phase transition characterization of the films was studied as a function of electric field and temperature.
Experimental details
The solutions were prepared from raw materials in a mole ratio according to the nominal composition. First, lead acetate, lanthanum acetate hydrate and acetic acid were mixed in needed ratio and distilled at 110 o C for 1 hour. The 10% excess lead was added to compensate lead oxide volatilization during heat-treatment and enhance perovskite phase formation. When the mixed solution was cooled to room temperature, zirconium propoxide and titanium isopropoxide were added and mixed for 30 min. At the same time, distilled water was added in a proportion of twenty moles of distilled water to one mole of lead to stabilize the solution. Then, lactic acid as catalyzer and chelation was added into the solution in definite proportion to promote solution gel. Finally, the solution was adjusted to 0.5 M using acetic acid.
After laid 24 h, PLZT antiferroelectric thin films were deposited on Pt (111)/Ti/SiO 2 /Si (100) substrates by spin-coating process. Each layer was spin coated at 3000 rpm for 20s and pyrolyzed at 300 o C and 600 o C for 10 min, respectively. The spin coating and heat-treatment were repeated several times to obtain desired thickness. At last, a capping layer from lead acetate trihydrate was deposited and the films were annealed at 700 o C for 30 min to form the perovskite phase. The final thickness of the thick films was about 2000nm.
The phase characterization and crystal orientation of PLZT thick films were examined by X-ray diffractometer (XRD). The surface and cross sectional morphological features were analyzed by atomic force microscope (AFM) and scanning electron microscopy (SEM). Gold pads of 0.50 mm in diameter were obtained on the film surfaces as top electrodes by dc sputtering for electric measurement. P-E loops were tested by a modified Sawyer-Tower circuit. The temperature dependent of dielectric properties were measured by an Agilent 4284A LCR meter. The current density induced by electric field and temperature were investigated by a Keithley 6517A electrometer. . The films crystallized in the polycrystalline perovskite structure with strongest peaks of (100) and (200). It means that the thick films grew along with the (100) preferred orientation, which may induced by crystalloid PbO of (100)-orientation due to high lead content in the solution. Moreover, a bigger lattice mismatching between the film and the substrates along with the increased thickness may lead to high (100)-preferred orientation [8] . The surface morphology and cross-sectional SEM micrograph of PLZT antiferroelectric thick films are shown in Fig.2 and Fig.3 . It can be seen that the films were smooth, dense, and uniform. The average grain sizes of the films were about 60 nm (in Fig.2 ) and the films with well aligned columnar structure were 1845nm thickness (in Fig.3 ).These suggest that the film were of good quality. 7 shows the current density-electric field (J-E) curves of PLZT thick films at different temperatures of 30 °C, 60 °C, 90 °C and 120 °C, respectively. The measurement mode was 0 to +Emax, then +Emax to -Emax and -Emax to 0. The measured current in the curves were the sum of two vector about phase transition current and leakage current. The direction of phase transition current and leakage current kept conformity in EF phase transition process, and opposition in EA phase transition process. The AFE-FE phase switching fields were 183kV/cm, 162kV/cm, 140kV/cm and 119kV/cm, respectively, and the FE-AFE phase switching fields were 134kV/cm, 111kV/cm, 109kV/cm and 43kV/cm, respectively. Difference of these measured data in the P-E curve and J-E curve may result from two different measurement mechanisms [10] . Meanwhile, The maximum current density of forward E F phase transition were 3. A/cm 2 , 1.8×10 -6 A/cm 2 and 0.2 × 10 -6 A/cm 2 , respectively. Obviously, the peak values of phase switching field and current density were decreased with the regulation of rising temperature. The reason for these results is mainly degressive energy of phase transition between AFE-FE and FE-AFE. When the external temperature rise, the film structure is relaxed and the lattice ions and electric domains move more easily, resulting in the decrease of film strain energy and resistance, which make electric field strength decrease. antiferroelectric thick films of about 2µm at were deposited on Pt/TiO 2 /SiO 2 /Si substrates by the sol-gel processing. The films presented a higher (100) preferred-orientation. The dependence of electrical properties as a function of temperature and DC electric field was observed in the films. The P-E hysteresis loop of square-like illustrates that the antiferroelectric films are suitable for energy storage capacitor and high-strain transducers/actuator applications. The current density induced by electric field and temperature were detected. The phase transition behaviors could be effectively adjusted by electric field and temperature. The excellent phase transition characteristics of the antiferroelectric thick films can be useful for the application in MEMS devices.
Results and discussion

